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4 ? 1? ??
? 1.1: ????????????????????????????????
Parent Energy Parent Energy
Nuclide Reaction [MeV] Nuclide Reaction [MeV]
40K natural 1.461 1H (n, °) 2.223
208Tl(Th) natural 2.615 27Al (n, °) 7.724
214Bi(U) natural 0.609 (n, °) 3.034
12C (n, n°) 4.438 28Si (n, °) 3.540
16O (n, n°) 6.129 (n, °) 4.934
21Mg (n, n°) 1.369 40Ca (n, °) 1.943
27Al (n, n°) 0.844 (n, °) 6.420
(n, n°) 1.014 48Ti (n, °) 0.342
(n, n°) 2.210 (n, °) 1.382
28Si (n, n°) 1.779 (n, °) 6.418
(n, n°) 2.839 (n, °) 6.760
40Ca (n, n°) 3.904 56Fe (n, °) 7.631
(n, n°) 3.737 (n, °) 7.646
48Ti (n, n°) 0.983 (n, °) 5.920




















































































































































































































? 1.3: 0¡ º¯¯????????? [8]?
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? 2? ?????????? 17
? 2.1: ?????????????? [1]?
W=Ii Ei=Ii Eex=Ii Nex=Ni ²h=Ii
He 1.72 1.06 0.85 0.40 0.31
Ne 1.70 1.06 0.85 0.4 0.3














?????????? 2.1????????????? 150 nm???????
??? [2]???? (5 Torr)??????147 nm??????????????
25 » 100 Torr??????????????????????????????
?????????170 nm????????????????????????
???????? (500 Torr)???????????150 nm??? 170 nm??
????????????????? 2.2??????????????????
??????150 nm??????????170 nm??????????? [3]?
??????????????????????????????150 nm???





18 ? 2? ??????????
????life time???????????????????????
Xe(1P1) ! Xe+ hº(127:6nm) : 4ns[4] (2.4)
Xe(3P1) ! Xe+ hº(147nm) : 3:7ns[4] (2.5)
Xe(3P1) + 2Xe ! Xe2(0+u ) +Xe : 5:3£ 10¡44m6s¡1[5] (2.6)
Xe2(0
+
u ) ! 2Xe+ hº(150nm) : 2:1ns[6] (2.7)
Xe2(0
+
u ) +Xe ! Xe2(1Σ) +Xe : 7£ 10¡17m3s¡1[5] (2.8)
Xe2(
1Σ) ! 2Xe+ hº(170nm) : 4:6ns[5] (2.9)
Xe(3P1) +Xe ! Xe(3P2) +Xe : 1:98£ 10¡20m3s¡1[7] (2.10)
Xe(3P2) +Xe ! Xe(3P1) +Xe : 1:06£ 10¡22m3s¡1[7] (2.11)
Xe(3P2) + 2Xe ! Xe2(3Σ) +Xe : 7:03£ 10¡44m6s¡1[8] (2.12)
Xe2(





129.6 nm (1P1)? 147 nm (3P1)????????? (5 Torr)???3P1????
?????????????25 » 100 Torr??????????????? (2.6)
?????? 3P1? life time???????????????????????
???????? (0+u )??????????????? (2.7)??? 150 nm?
???????????????? 100 » 500 Torr?????????????
?? (2.8)?????????????? 1Σ????????????????
? (2.10)?? (2.12)?????3Σ????????????1Σ?? 3Σ????
(2.9)?? (2.13)???? 170 nm?????????????????????





? 2? ?????????? 19
? 2.1: ?????????????????? [2]?
?????????????????? [9]?
Xe+ +Xe+Xe ! Xe+2 +Xe; (2.14)
ehot ! eth + heat (= ²h); (2.15)
Xe+2 + eth ! Xe¤¤ +Xe; (2.16)
Xe¤¤ ! Xe¤ + heat; (2.17)
Xe¤ +Xe+Xe ! Xe¤2 +Xe; (2.18)







20 ? 2? ??????????
? 2.2: ??????????????????? [3]????????????













? 2? ?????????? 21
hν hν
















???? 15 nm??? [12]?
??????????????Xe2???????????????????
???????????????? 0.024 eV????????????????

























???????????????? life time??????????????? 1Σ
? 3Σ? life time?? 2.2??????1Σ? life time??3Σ???????Xe?
? 1????????????????????????????????? 0
22
? 2? ?????????? 23
??????3Σ?????????????????????????????










Ne 2.8 ns [13] 1.19 £ 104 ns [13]
Ar 4.2 § 0.13 ns [14] 3.2 § 0.3 £ 103 ns [14]
Kr - 3.5 £ 102 ns [15]
Xe 5.5 § 1.0 ns [14] 9.6 § 0.5 £ 101 ns [14]
?????
???????????????????????????????? (2.15)?
????? (2.16)?????? (2.19) ???????????????????
??? [9]????????????????????? tth?????????
????????? [16]?????????????????????????
???????? (ne)??????? ni????????????? [17, 18]?
d
dt











ne = ¡®n2e: (2.23)












dV ´ f(t): (2.24)
23









































































? 2? ?????????? 25











































1Σ or 3Σ) R¤ (1P1) R¤ (3P1)
Ne 85 nm 73.6 nm 74.4 nm
Ar 127 nm [12] 105 nm 107 nm
Kr 148 nm [12] 117 nm 124 nm
Xe 175 nm [12] 127.6 nm 147 nm
26
? 2? ?????????? 27
(a) ?????1000Torr? (b) ??????1000Torr?
? 2.5: ??????????????????????????? [24]?(b)?
????148 » 175 nm??????????????????KrXe¤????
????????????
???????????????????????????????????
??????? 2.5 (a),(b)???????1000 Torr?Ar????Kr?????
?Xe?????????????????????? [24]??Ar????Ar¤2
??????? 127 nm???????????Kr????Kr¤2 ??????
? 148 nm??????????????? 2.5 (a)???????Ar?????









28 ? 2? ??????????
?????????????????? [24]?
Ar¤2 +Xe! 2Ar +Xe¤; (2.32)




































































30 ? 2? ??????????
? 2.4: ????????????????????????
Ws Wex Source Density (g/cm
3)
Parsons et al. (1990) ° 0.087
Miyajima et al. (1992) M. Saito et al. (2004) ® 0.005-0.011
K. Saito et al. (2002) K. Saito et al. (2003) ® 0.005-0.056
Carmo et al. (2008) x 0.006
?? 1990?? Parsons? [32]????????15 atm?Xe(90%)+He(10%) ?












? [30, 33]? Saito? [12, 10]???????????????????????
Ws??Wex?????????????????????Carmo? [34]? 2008














? 2? ?????????? 31
? 2.5: ??????????????????????????
Authors Source Density (g/cm3)
B. Dolgoshein et al. (1969) [35] ® 0.035 » 0.653
M. Suzuki et al. (1982) [9] ® 0.015 » 0.105
A. Bolotnikov et al. (1999) [36] ® 0.039 » 0.741
K. Saito et al. (2002) [12] ® 0.005 » 0.056
S. Kobayashi et al. (2004) [25] ® 0.016 » 0.269
? 2.6: ??????????????????????????? [25]????
?????????????100 ¹s (})?? 300 ¹s (¤)???????????
????????
31
32 ? 2? ??????????
?????????????????????????????????Dolgoshein












Kobayashi? [25]?????????? (0.02 » 0.06 g/cm3)????????
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?????????? PMT??????????? R6836????? 3.1?
????????????? PMT??????????????? ¸????
?????? q(¸)??Gpmt???????????????????????








?????????Qpmt??I(¸)??? Saito? [1]??????? (3.2)???
???????????????9.6% ????????













































































































































































































































































































































































































































































































42 ? 3? ??????????????
? 3.2: ???????????? (R6836)??????????
?? (V) ??? ??? (pA)
500 1.63 £ 104 22.5
750 5.90 £ 105 26.4
1000 7.32 £ 106 34.6
1250 4.81 £ 107 88.8


































?????????????????²?? 3.62 eV [3]???????? [4]?
????Ωpmt??????????????????????????????
42









































???????????????? (SUS304)?? Á152 ICF????????














???????? 24 mm?????????????????? Á0.1 mm?















































46 ? 3? ??????????????
? 3.3: ??????????????
46


















??????? (Clear Pulse CP4016)???????????????????
?????????????????????? (MCA; Clear Pulse CP1114A)
?????????????????????????????????????
47
48 ? 3? ??????????????
? 3.5: ????????????? 100 ¹m????????????????
1 mm???????????
? 3.6: ?????????????? 50mm??? 10mm?MgF2??
48






























? 3.7: MgF2????????????????????????????? [1]
???????
K































(τ = 50 µs)
Shaping Amplifier
(τ = 100 µs)
Pulse Generator
Pulse Generator
τ = 4.4 ms
τ = 2.35 ms



























E = 0 kV/cm
E = 1.04 kV/cm






?????? 100 ¹s???????? (Clear Pulse CP4016)?????????
??????????????????????????????????MCA
????????????????????????????????????

















the upper end of FWHM


















































? 3.12: MgF2????????????????????????Np; Window1
(±)?Window2 (²)?
53






? 3.13???? 0.027?0.055?0.114 g/cm3??Np?????????????
????E????????N????? (????)??????????Td(=
10¡17 V cm2)????? 3.13???????Np??????????????
????????????????????????????????????
????????????????????????????????????



























? 3.13: 0.027?0.055?0.114 g/cm3????????????????????
Np??????1 Td = 10¡17 V cm2?
54









????????Ne??????0.05 » 0.5 Td???????????????
??????????????????????????????????Ne?
???????????????Np????????????????????




























? 3.14: ?????Ne??????1 Td = 10¡17 V cm2?
55



























? 3.15: ? 0.05 g/cm3??????????????????????????
????????????????Np???????1 Td = 10¡17 V cm2?
56
? 3? ?????????????? 57
??????????????????????????
















































Ωpmt???? 3.18?????? P (t)?????
????????????P (t)?????????????????????
??????????????????????????????????? 3.3
???????????E=N = 0.4 Td (= 10¡17 V cm2)??????????
????????????????????????????????????
????? (= 0.4 Td)???????????P (t)???????????P (t)

































































? 3.17: (a) ??????? 0.054 g/cm3?????????????????
????????????????????????????????????
?????????????? 20 mV?????????????(b) ????
??????????????????????Z?????????????
?????2 ns????????????????????? 3 ¹s??????
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Excitation luminescence (0.4 Td)
Recombination luminescence
Total luminescence (zero electric field)
? 3.18: 0.054 g/cm3????????????????? P (t)???????
????????????????????????????????????




















































????????????0.027 g/cm3?0.061 g/cm3?0.112 g/cm3??????









????????R(t)?????? I¡0:5 / t???????????????
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? 3.20: 0.038?0.058?0.112 g/cm3????????? I¡0:5???????
???????????








??????????????????????????R1(= F + S)????
?????????????????Ts??????????????????
??????????????????? t = 0???????????????
????? 3.19????????????? (3.7)??????????????
???????????????????R1???????tth???????
????? [8]?????????????????0.027 » 0.112 g/cm3???
???????350 » 85 ns???????????tth????????????
?????????????????????
62



















































































































































? 3.23: ?????? (PMT)??????? Á??????????????
???? (a??PMT????? r?????????????????????
?b??????? 0.03 g/cm3?????? 0.12 g/cm3????
66
? 3? ?????????????? 67
????????????????? [11]?? 3.23?????????????



























































































???????????? life time?????????? (» 0.04 eV)?????
????????????????????????????????????















70 ? 3? ??????????????











?? life time?TD??????????????0 < t < Td?????????





¿l ¡ ¿p (f(t)¡ exp(¡
TD
¿l
)f(t¡ TD)u(t¡ TD)) (3.11)

























5.0 × 101 µs
1.0 × 102 µs
1.3 × 103 µs
∞ µsLifetime = 5.0 × 101 µs
1.0 × 102 µs
(best fit) 1.3 × 103 µs
∞ µs
? 3.26: ??? life time ¿l????????????????????????
? (3.11)????????????????; ¿p = 2.35 ms?Td ! 104 ¹s?V0 !
6.26 mV?¿l ! 1.30 ms??????????????????¿l = 5.0 £ 101?
1.0 £ 102?1 ¹s????? (3.11)?
????????????????????????????????????
????????????????????????????????????
??????????????????? 0.114 g/cm3?????? 0.255 g/cm3?




????????? ¿l? Td???? (¿l = 1.0 £ 102 ¹s)????? (¿l = 5.0 £
101 ¹s)?????????????????????????????????
??????????? ¿l? 100¹s????????????????????
???? (3.11)??????????????????¿l??????1010 » 1013
ms ?????????????????????¿l? Td??????????
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Hunter et al. (1988)
? 3.27: ??? (Purity Monitor)??????????? 0.06g/cm3?????
??????????????????? (±)?Hunter et al. (£)?
????????????????????????????????¿l?» 1
ms ??????????????????????? 3.26?? ¿l? 1.30 § 0.14
ms???????????????? life time?????? 0.255 g/cm3???
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76 ? 4? ???????
4.1 ????????????
? 3??????????????????????????Np?????
??Ne?????????????? E=N = 0.4 Td (= 10¡17 V cm2)???
?????????????????Np??Ne??????????????
????????????????0.03 » 0.12 g/cm3????????????
???? 0.4 Td????Np??Ne????????????????????
Np??Ne????????????? [1]?Np??Ne???????????
??? (Np +Ne)?????????????? 4.1?????????Np??
Ne?????????? 4.1??? 4.2???????????????????






Density Pressure Ec=Np Ec=Ne Ec=(Ne +Np)
(g/cm3) (MPa) (eV) (eV) (eV)
0.028 § 0.002 0.51 § 0.03 34.1 § 2.4 20.9 § 0.4 12.9 § 0.9
0.033 § 0.002 0.60 § 0.03 34.2 § 2.4 20.9 § 0.4 13.0 § 0.9
0.039 § 0.002 0.70 § 0.03 33.9 § 2.4 20.9 § 0.3 12.9 § 0.9
0.044 § 0.002 0.80 § 0.03 33.8 § 2.4 21.0 § 0.2 12.9 § 0.9
0.050 § 0.002 0.90 § 0.03 33.3 § 2.3 21.0 § 0.2 12.9 § 0.9
0.055 § 0.002 1.00 § 0.03 33.2 § 2.3 21.1 § 0.2 12.9 § 0.9
0.061 § 0.002 1.09 § 0.03 33.6 § 2.4 21.2 § 0.2 13.0 § 0.9
0.067 § 0.002 1.19 § 0.03 33.1 § 2.3 21.2 § 0.2 12.9 § 0.9
0.074 § 0.002 1.30 § 0.03 33.1 § 2.3 21.3 § 0.2 13.0 § 0.9
0.080 § 0.002 1.40 § 0.03 33.3 § 2.3 21.4 § 0.2 13.0 § 0.9
0.086 § 0.002 1.50 § 0.03 32.8 § 2.3 21.5 § 0.2 13.0 § 0.9
0.092 § 0.002 1.60 § 0.03 33.2 § 2.3 21.6 § 0.2 13.1 § 0.9
0.099 § 0.002 1.70 § 0.03 32.7 § 2.3 21.7 § 0.2 13.1 § 0.9
0.105 § 0.002 1.80 § 0.03 32.6 § 2.3 21.9 § 0.3 13.1 § 0.9
0.111 § 0.002 1.91 § 0.03 32.1 § 2.3 22.0 § 0.3 13.1 § 0.9
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?????Ec(= 5:49MeV )?Np?????????? [eV]??????Ec=Np
at 0.4 £ 10¡17 V cm2 [1] (²)?Ec=Np(1) [1] (¤)?Saito et al. [4] (£)?Saito et
al. [5] (N)?Carmo et al. [7] (4)?Date et al. [9] (¥)?Parsons et al. [19] (±)?
???????Ws? [10]???Nemoto? [18]?????????????Ws

























Ec(= 5:49MeV )? Ne ?????????? [eV]??????Ec=Ne at 0.4 £




? ¸ > 200 nm ??????????5.4% ?????????????????
???? ¸(< 200 nm)???????????????Qpmt? qe(¸)?????
?? 5.4% ???????Qpmt????????????????? I(¸)???
??I(¸)??????????§3 nm????3.6% ????????????
??????????????Ωpmt???????????????Ωpmt??











































































g/cm3 (±, ²)?0.055 g/cm3 (4, N)?0.114 g/cm3 (¤, ¥)?
??Np??Ne???????? (4.1)?? (4.2)??????????? 4.1?
?? 4.2????????????????Np(1)??Ne(1)????????
????????Np(1)??Ne(1)???????????????????
??Ec=Np(1)????? 35.1 eV?Ec=Ne(1)????? 21.0 eV??????
???????????? (0.028 g/cm3)?????????? 0.4 Td????
? Ec=Np?? Ec=Ne ??????????????0.4 Td?????????
?????????????????????????????????????
Wex???W ??????????????????????
????????0.12 g/cm3????????????Wex?? 34.1 § 2.4 eV?
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????????????????????????? 4.2?????????
????? [4, 5, 6, 7, 8, 9, 10, 11]????????
???W ???????????????????????W ???Saito?
[4]???? 21.0 eV??????????????ICRU Report???????




?????????????????? Saito????? 34.5 eV [4]? Saito??




Saito????? 59.4 eV [5]??Miyajima??????Ws? [13]?????
????????????????????????????????????
??????????????????????????????????Saito
? [5]?????????????????????? 10 ¹s?????????
????????Miyajima? [13]???????? 2 ¹s???????????
?????????????????????????????????? 2.5?
? 4.2: W ??Wex???Nex=Ni???????????
Author Density Wex W Nex=Ni
(g/cm3) (eV) (eV)
This work 0.028-0.111 34.1 § 2.4 20.9 § 0.4 0.61 § 0.04
Saito et al. [4] 0.005-0.056 34.5a) 20.9 § 0.4 0.60
Saito et al. [5] 0.005-0.011 59.4 § 2.4 (22.1)[6] 0.38 § 0.02
Carmo et al. [7] 0.006 111 § 16 (21.61+0:14¡0:10)[8] 0.19
Date et al. [9] 0.001 31.6b;c) 21.7b) 0.69
Doke et al. [10] 3.06 (liquid) 120 (15.6 § 0.3)[11] 0.13
a) 5.49 MeV????????????????????????? 1.59 £ 105
???????
b) ????
c) 10 keV?????????????????????? (317)???????
????????Ref. [9]? Fig. 7??????????
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???????? [14]?????????????????? 2 » 3 ¹s [14, 15]
????????????????????????????????????
?????????????Miyajima? [13]????????????Ws??
Wex?????????51.4 § 2.3 eV????
????????? Saito???? [4]?Miyajima???? [13]?????
????????????????????????????????Miyajima
? [13]??????? 178 nm????????????? [16]???????
????Saito? [4, 17]??????????????????????????






???????????????Miyajima? [13]??????? PMT? qe(¸)
??175-178 nm?????????????????????????????
? 178 nm?? 175 nm??????Ws?? 51.4 eV?? 46.5 eV???????
Miyajima? [13]??????? PMT? qe(¸)????????? PMT???
??????????????????????Qpmt????????????
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? [9]????????????Parsons? [19]?????59.6 keV?????
?????Wex???76 § 12 eV????????????Carmo? [7]???

























































? 4.4: ??????????Np??????Ne????????????1 Td
= 10¡17 V cm2?
84
? 4? ??????? 85
??????????? 4.1?????????0.4 Td??????????























1.62 £ 105?)??????????????????????? 7.0% ????
????????????????????????????????????
??????? 4.5????????????? 4.5?????2 » 3?????
????????? 3.1 » 6.1% ????????????R1??? 4.1???
????????? 0.4 Td (= 10¡17 V cm2)????????????????
????????????????
85
86 ? 4? ???????
??????
Saito? [17]???????????? [21, 22, 23, 24]???????????
????????????????????????????????????
??????????????????????????1.61 £ 105??Wex =
34.1 eV) ????????????????????????????? 4.5?
???????? 3.12??????????? 50 ¹s????????????
































? 4.5: ?????? R1??????; ??? [20] (²)???????? 50 ¹s
[1] (£)?Dolgoshein et al. [21] (N)?Suzuki et al. [22] (4)?Bolotnikov et al. [23]
(O)?Saito et al. [17] (})?Kobayashi et al. [24] (±)?
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g/cm3??????????? 2.32 £ 105?????????????????










































ne(t) = ¡®ne(t)(ne(t) + ´ni(0)); (4.3)























? 4.6??0.038 g/cm3?????? I¡0:5????????´???? I¡0:5?






??? ´ = 0.2????????? 4.6?????????´ = 0? ´ = 0.2???
????????????????????????????????????
?????????????????????????????????????
????´?????????? (´ < 0:3)?????????????????
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? 4.6: 0.038 g/cm3?????? I¡0:5??????; S = 1.48 £ 105?Ts = 13.5
¹s?tth = 0.25 ¹s?????? (4.6)? ´ = 0?????????????????












90 ? 4? ???????
? 4.7???????????????????????????????Ts??
0.027 » 0.112 g/cm3??????????25 ¹s?? 3.6 ¹s?????????
?????Ts??1=(®ne(tth))???????????Shiu? [25]??? 300 K



























































? 4.7: ??????????????? Ts (¤)?????? [20]??????
??????? ®? 2.3 § 0.2 £ 106 cm3/s [25]?????????? ne(tth) (²)
?????????????????????
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?????????0.09 » 0.21 g/cm3???????????????????
????????????? 50 ¹s????????????????????
??????? 4.9????? [1, 28]????0.03 » 0.09 g/cm3???????
?????????????????????????????R1?????
?????????Ws?????????? 4.9????? [20]??? 4.2??
????????????? (> 0.09 g/cm3)?????????? 50 ¹s???
????????????????????????????
? 4.9?????????Ws???0.03 » 0.05 g/cm3?????? 15.8 eV
??? 14.0 eV????????????????????????? (? 4.1?
?????????????????????????????????????
?????? (? 4.2????????0.05 » 0.15 g/cm3?????Ws??? 14.0
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This work - 1
This work - 2
Dolgoshein et al.
Bolotnikov and Ramsey
? 4.9: ?????????????Ws?????; ??? 1 [1, 28] (±)????
2 [20] (})?Dolgoshein et al. [21] (4)?Bolotnikov et al. [23] (¤)?
eV???????????????????????????????????
??????????????????????? (> 0.15 g/cm3)???Ws?































[1] M. Mimura, S. Kobayashi, N. Masuyama, M. Miyajima, and N. Hasebe, Jpn.
J. Appl. Phys. 48 (2009) 076501.
[2] G. Jaﬀe´, Ann. Phys. (Leipzig) 42 (1913) 303 [in German].
[3] R. L. Platzman, Int. J. Appl. Rad. Isotopes 10 (1961) 116.
[4] K. Saito, S. Sasaki, H. Tawara, T. Sanami, and E. Shibamura, IEEE Trans.
Nucl. Sci. 50 (2003) 2452.
[5] M. Saito, T. Nishikawa, and M. Miyajima, IEEE Trans. Nucl. Sci. 51 (2004)
2125.
[6] L. G. Christophorou, Y.-K. Kim, and U. Fano, Am. J. Phys. 40 (1972) 1185.
[7] S. J. C. do Carmo, F. I. G. M. Borges, F. P. Santos, T. H. V. T. Dias, and
C. A. N. Conde, J. Instrum. 3 (2008) 07004.
[8] F. L. R. Vinagre and C. A. N. Conde, Nucl. Instrum. Methods Phys. Res.,
Sect. A 450 (2000) 365.
[9] H. Date, Y. Ishimaru, and M. Shimozuma, Nucl. Instrum. Methods Phys.
Res., Sect. B 207 (2003) 373.
[10] T. Doke, A. Hitachi, J. Kikuchi, K. Masuda, H. Okada, and E. Shibamura,
Jpn. J. Appl. Phys. 41 (2002) 1538.
[11] T. Takahashi, S. Konno, T. Hamada, M. Miyajima, S. Kubota, A. Nakamoto,
A. Hitachi, E. Shibamura, and T. Doke, Phys. Rev. A 12 (1975) 1771.
[12] W. P. Jesse and J. Sadaukis, Phys. Rev. 107 (1957) 766.
[13] M. Miyajima, S. Sasaki, and E. Shibamura, Nucl. Instrum. Methods Phys.
Res., Sect. B 63 (1992) 297.
96 ? 4? ???????
[14] T. Takahashi, J. Ruan, S. Kubota, and F. Shiraishi, Phys. Rev. A 25 (1982)
600.
[15] I. K. Bronic´ and M. Kimura, J. Chem. Phys. 104 (1996) 8973.
[16] J. Jortner, L. Meyer, S. A. Rice, and E. G. Wilson, J. Chem. Phys. 42 (1965)
4250.
[17] K. Saito, H. Tawara, T. Sanami, E. Shibamura, and S. Sasaki, IEEE Trans.
Nucl. Sci. 49 (2002) 1674.
[18] S. Nemoto, H. Kusano, T. Takahashi, Y. Ebizuka, and S. Suzuki, Proc. Work-
shop Ionization and Scintillation Counters and Their Uses, 2007, p. 11.
[19] A. Parsons, T. K. Edberg, B. Sadoulet, S. Weiss, J. Wilkerson, K. Hurley, R.
P. Lin, and G. Smith, IEEE Trans. Nucl. Sci. 37 (1990) 541.
[20] M. Mimura, S. Kobayashi, T. Ishikawa, M. Miyajima, and N. Hasebe, Nucl.
Instrum. Methods Phys. Res., Sect. A 613 (2010) 106.
[21] B. A. Dolgoshein, V. N. Lebedenko, A. M. Rogozhin, B. U. Rodionov, and
E. N. Shuvalova, Sov. Phys. JETP 29 (1969) 619.
[22] M. Suzuki, J. Ruan, and S. Kubota, Nucl. Instrum. Methods 192 (1982) 565.
[23] A. Bolotnikov and B. Ramsey, Nucl. Instrum. Methods Phys. Res., Sect. A
428 (1999) 391.
[24] S. Kobayashi, N. Hasebe, T. Igarashi, M. -N. Kobayashi, T. Miyachi, M.
Miyajima, H. Okada, O. Okudaira, C. Tezuka, E. Yokoyama, T. Doke, E.
Shibamura, V. V. Dmitrenko, S. E. Ulin, K. F. Vlasik, Nucl. Instrum. Meth-
ods Phys. Res., Sect. A 531 (2004) 327.
[25] Y. J. Shiu, M. A. Biondi, and D. P. Sipler, Phys. Rev. A 15 (1977) 494.
[26] M. Suzuki, Nucl. Instrum. Methods 215 (1983) 345.
[27] S. Kubota, M. Hishida, M. Suzuki, and J. Ruan, Phys. Rev. B 20 (1979)
3486.
[28] M. Mimura, S. Kobayashi, N. Masuyama, S. Asano, M. Miyajima, and N.

























34.1 § 2.4 eV ???????????????????????????
????W ???20.9 § 0.4 eV ????(? 4.1?)












² ?????????????0.05 » 0.12 g/cm3?????????5.49 MeV
???????????? 2.32 £ 105????????????????
100% ????????? 2.62 £ 105?????????????????
???????????????????????? 100% ???????
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????????????????0.03 g/cm3?? 0.12 g/cm3?????
?????????????????? 73% ?? 33% ???????(?
4.2?)
² ?????????????????????????????????
Ws???0.03 g/cm3????? 15.8 eV????????????????






?????????????Wex?? 34.1 § 2.4 eV ?????????????






























? 2.32 £ 105?????????????????????????? 100% ?
???????????????? 2.62 £ 105???????????????

















???????Ws???0.03 g/cm3????? 15.8 eV???????????
??0.05 » 0.12 g/cm3??? 14.0 eV???????????????????
????????????????????????????????????
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